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BIS-CHELATING LIGAND 
AND USE THEREOF IN CARBONYLATION PROCESSES 

Background of the Invention 

TOs invention relates to a bis-chelating ligand composition, particularly of 
Group VB elements (P, As, Sb), and its use in transition metal complex catalyzed reactions. 
Preferably, this invention relates to a bis-chelating ligand composition, particularly of Group 
VB elements, and its use in transition metal-ligand complex catalyzed carbonylation 
processes, preferably, hydroformylation processes. 

Carbonylation processes directed to the production of oxygenated products 
are well known and generally involve reaction of an organic compound with carbon 
monoxide and often a third reactant, preferably, hydrogen. See, for example, J. Falbe, "New 
Syntheses With Carbon Monoxide," Springer Verlag, New York, 1980. Such processes may 
include the carbonylation of organic compounds; such as olefins, acetylenes, alcohols, and 
activated chlorides, with carbon monoxide, and optionally, either hydrogen, alcohol, amine, 
or water, as well as ring closure reactions of functionally unsaturated compounds, e.g., 
^saturated amides, with carbon monoxide. One major class of known carbonylation' 
processes comprises the hydrofoimylation of an olefinic ^ compound with carbon monoxide 
and hydrogehto I produce aldehydes, followed if desirod by reduction of the aldehyde to 
alcohol; or reductive amination of the aldehyde to amine; of oxidation of the aldehyde to 
carboxyhc acid; or aldolization of the aldehyde followed by oxidation to hydroxyacid. 
Oxygenated products, such as alcohols, carboxylic acids, and hydroxyacids find utility in a 
multitude of applications, ihcludin ff as solvents, surfactants, monomers ^ for the preparation 
of polymers, and as intermediates in the synthesis of pharmaceuticals and other industrial 
25 chemicals: '■ 1 ••• ■•• : - .■ •;. . ••• ........ >*.. , 

Carbonylation processes are known to be facilitated by metal-liga^dcbmplex 
catalysts, such as Group VIE transition metal-phosphorus ligand cornplex catalysts/ - 
Representative art disclosing a variety of hydroformyiatibncatdysts of various^^^ •<--•. 
triorganophosphine, tnorgandphospime, mbrganophosphite, : ahd bisphospnite Mgahds is 
found in the following references: US 3,527,809; US 4,599,206; US 4,748,261; and WO- 
Al-02/00676: Likewise, triorganoarsirie and thoi^anoantimony ligands areknbwnfor 
analogous carboriyiation processes as disclosed, for example, in WO-A 1-01/085739, WO- 
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Al-01/058589, WO-Al-00/009467, US 6,156,936, and US 4,755,625. Disadvantageous^, 
many of the transition metal-ligand complex catalysts disclosed for these carbonylation . 
processes exhibit undesirably low activity or insufficient stability. More disadvantageous^, 
many of the disclosed transition metal-ligand complex catalysts exhibit hijgh ispinerization. 
5 selectivity of long chain alpha-olefins to internal olefins. Even more disadyantegeously, 
many of the ligands disclosed in the art cannot be easily fine-tuned to provide Jrigh 
selectivity to the desired hydroformylation product 

In view of the above, a search continues in the art to find novel bis-chelatmg 
ligands that will provide improved activity, improved stability, improved isomerization 
1 0 selectivity, and/or improved ease of fine-tuning selectivity in carbonylation processes, . 
preferably, hydroformylation processes. 

Summary of the Invention 

* In a first aspect, this inventioti provides for a novel bis-chelating ligand 
15 composition represeite^^ ; 



Q (yr 



Ar 



wherein M is a Group VB element selected from phosphorus (P), arsenic (AS), or antimony 
(Sb); R 1 and R 2 are each independently selected from hydrogen and monovalent hydrocarbyl 

20 radicals; or R 1 and R 2 are bonded t9gether to form a hydrocarbyl or substituted hydrocarbyl 
diradical that together with the methylene carbon of formula I forms a cyclic or heterocyclic 
ring; or alternatively, one of R 1 or R 2 is hydrogen or a monovalent hydrocarbyl radical, 
while the other of R 1 or R 2 is a hydrocarbyl or substituted hydrocarbyl radical bonded to an 
atom in the. aiyl group Ar to. form a cyclic or heterocyclic ring. Further to formula I, Ar is 

25 selected from 1,2-aiylenes; Q is selected from the group consisting of 1,2-arylenes, 2,2*- 
bisarylenes and aikyl diradicals; and W is selected from the group consisting of Group VB 
element-containing formulas II, in, IV, and V: 
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H 



. , °V°n Ar -°N Ar 3 -O v 

x - 0 ' X -Cf Ar^o' , ArW 

. 0D (ffi) - (TV)' (V) r 

wherein U is as defined hereinbefore;, each R Js independently selected from hydrogen and 
monovalent hydrocarbyl radicals; X is selected Wa%l and aryi diradicals; Ar'and Ar 2 
are>chmdependentlyselecte^fi^^ 

selected from monovalent aryl radicals; and n in formula IV is 0 or 1. If n is 0, the aryl . 
radicals Ar 1 and Ar 2 are directly connected, by a single carbon-carbon bond from one ring to 
the other. 

The novel bis-chelating ligand composition of this invention finds utility in 
catalyst and catalyst precursor compositions that are used in carbonylation processes, 
preferably, hydroformylation processes. As compared with prior art catalysts, the novel bis- 
chelating ligand composition of this invention advantageously provides for carbonylation 
catalysts of greater overall activity and stability, of greater selectivity to linear aldehydes, of 
reduced isomerization of terminal to internal olefins, and of improved ease of fme-tumng 
selectivity; By employing die novel bis-chelating ligand of this invention, for example, a 
yield of essentially & mole percent n-honanalscan be acmeved in the hydroformylation of 
l-octene. ' " . •' y . • '* .. .V.v ' • 

:• ' ^tsec^-u^iMs inve^wrl^videsf for a novel complex catalyst or 
complex catatyst precursor composition comprising a Group Vm transition metal bonded to 
at least one molecule of Ugand of fohnula I hereinabove, fee transition metafoptibhalty^ - 
being further bonded to carbon monoxide, hydrogen, or both carbon monoxide and 
hydrogen. •" •• '•• ; ... - ; 

In a. third and related aspect, this mvention provides for a novel complex 
catalyst solution or complex catalyst precursor solution comprising a solvent a complex 
catalyst or catalyst precursor composition comprising a Group Vfll transition metal bonded 
to at least one ligand, with the solution optionally further comprising free ligand; wherein 
the bonded and free ligands are represented by formula fhereinabove; and wherein : 
opuohaUythe Group VHI transition metal may be ilirtheV bonded to carbon monoxide, 
hydrogen, or both caroon mohoxide and hydrogen. thenbvel^ 
composition and the nove| solution mereoffind utfety particularly m carbonylati^^ 

•••• • . •• -. .' . .-. -3-' . ;•' ' 
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processes, preferably, hydroformylation.processes. Beneficially, the novel carbonylation 
catalyst of this invention provides for a more active and more selective carbonylation 
catalyst, as. compared with jrior art caAonylation catalysts. 

In a fourth aspect, this invention provides for a novel carbonylation process 
5 comprising contacting an organic compound capable of being carbonylated with carbon 
monoxide in the presence of a Grpup Vin transition metal-ligand complex catalyst, wherein 
the ligand is represented by formula I hereinabove, the contacting being conducted under 
carbonylation conditions sufficient to prepare the corresponding carbonylated organic 
compound. The novel carbonylation process of this invention including a preferred 
10 hydroformylation process of this invention, finds utility m the production of useful organic 
intermediates, solvents, and monomers. n-Nonanal and methyl 11-hydroxyundecanoate are 
examples of such usefol organic monomers that can be prepared from n-octene and methyl 
1-decenpate, respectively, using the carbonylation catalyst and hydroformylation process of 
this invention. . . * ; . 



Detailed Description .of the Invention 

In a primary aspect, the invention described herein peifeim&to^a 
chelating ligand composition, hereinafter referred io as the "ligand compositibn," which is 
represented by the following g^etic formula I: : 



R 1 



• w-qv o-m .; T7 . • 

wherein M is a Group VB element selected from phosphorus (P), arsenic (As), or ratimony 
(Sb); R 1 and R 2 are each independently selected from hydrogen and mono valent hydrocarbyl 
radicals; or R 1 and R 2 are bonded together to form a hydrocarbyl or substituted i hydrocaibyi 

25 diradical that together with the illustrated methylene carbon (i.e., carbon bonded to R 1 , R 2 , 
O, and At) forms a cyclic or heterocyclic ring (e.g., with O, N, S hetero atom); or 
alternatively, one of R 1 . or R 2 is hydrogen or a monovalent hydrocarbyl radical, while the 
other of R 1 or R 2 is a hydrpcafbyl or substituted hydrocarbyl radical bonded to ah atom in 
the ary] . group Ar to form a cyclic or heterocyclic ring. Further to formula I, Ar is selected 

30 from 1 ,2-arylenes; Q is selected from the group consisting of 1,2-arylenes, 2,2' r bisarylenes 
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and alkyl diradicals; and W is selected from the Group VB radical-containing formulas II, 
HI, IV, and V: 



.o : :°v°x y-°< • Ar ^-°v • . 

— O X ^0 Ar 2 ^0 Ar^-O 

5 ^1) Qli) (TV) (V) ; 

wherein M is independently selected as defined hereinbefore; each R is independently 
selected, from hydrogen and monovalent hydrocarbyl radicals; X is selected from alkyl and 
aryl diradicals; Ar^and Ar 2 are each independently selected from 1,2-aryienes; and Ai 3 and 
Ar 4 are each independently selected from monovalent aryl radicals; and in formula IV, n is 0 
10 or L If n is 0, Ar 1 and Ar* are bonded by a single carbon-carbon bond directly connecting 
A^toAr*. 

: • Preferably^ each M is phosphorus. Preferably,- each R l arid R 2 is : 
independently selected from hydrogen, Ci. 2 o primary alkyl radicals, and substituted Ci. 2 o 
primary alkyl radicals; or preferably, R 1 and R 2 are bonded together to form a C 2 . 7 diradical 

15 that together with the illustrated methylene carbon forms a C$-& cyclic or heterocyclic ring 
(preferably, heteroatom N or O). In an alternative preferred embodiment, one of R 1 or R 2 is 
a Cu20 primary alkyl radical, while the other of R 1 or k 2 is joined with an atom in the aryl 
group Ar to form a C5-8 cyclic or heterocyclic ring (preferably, heteroatom N or O). 
Preferably, Ar is a C^o 1 ,2-arylene or a substituted derivative thereof. . Preferably, Q is 

20 selected from the group consisting of C^o 1 ,2 arylenes, C12-30 2,2^bisarylenes; Ci^h alkyl- 
diradicals, and substituted derivatives thereof. Preferably, each R is selected from hydrdgen, 
Ci.2opriinaiy alkyl radicals and substituted Ci^oprimafy Preferably, X is 

selected from Cj. 2 o alkyl and C 6 :20 aryl diradicals, arid substituted derivatives thereof 
Preferably, Ar 1 and Ar 2 are each independently selected from C6-20 1 ,2-arylenes and . 

25 substituted derivatives thereof. Preferably; Ar* and Air 4 arfe each mdepettddhtiy selected 
from C 6 -20 monovalent aryl radicals and substituted derivatives thereof : Suitable 
substituents for any of the kforetaeritioned radicals include ainy Substituent that is riori- 
iriterfering "with the rise of the composition ai a ligand in a metal complex rat&y£tr> ! " s " r ? 
particular species of substituents bding irimtioh^ h^ v { 

30 Suitable examples of R 1 and R 2 in formula I include; without limitation, 

hydrogen, methyl, ethyl, n-propyl, n-butyl, isobutyl, ne6-perityl, arid the various normal and 
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branched isomers of hexyl, heptyl, octyl, nonyl, and decyl monovalent primary radicals. 
When R 1 and R 2 are bonded together to iform a diradical, suitable examples of such include, 
without limitation, 1,4-butylene (-PH2CH2CH2CH2-), . . 1,5-pentylene 
(-CH2CH2CH2CH2GH2-), and the like. Suitable examples of Ar in formula ^include, 
5 without limitation, .. i,2-phenylene, .l,2-naph^ and various 

substituted derivatives thereof, including 3-metiiyl : l,2-phenylene, 3^yi-l,2-phenylene, 
3-isopropyl-l>phenylene, . S.SUdmi^yM^-phenylene, . 3,5^ethyi-i,2-phenylene, 
3,5-dtisopropyi-l,2-phenylene, 3-memyl : l,2-:haphthyiene, and l-mettiyl-2,3-naphtiiylene. 
Suitable examples of Q in formula I include, without limitation, 2^-biphenyi 3,3'-di-tert- 

10 butyl-2^'-biphenyl, 3,3'-bis(trimemylsuyl)-5^ S.^S'-tetra- 
tert-butyl-2^'-biphenyl, 3,3 , ^-tert-butyl-5,5 , -dimethoxy-2,2 , -biphenyl, 3,3 , ,5,5'-tetra-tert- 
amyl-2,2'-biphenyl, S.S'-di-phenyl-S.S'-di-tert-butyl^'-biphenyl, 3 J 3!-<li-tert-butyl-5i5 , - 
bisCtrimethylsilyl^'-biphenyl, 3,3 , .bis(trimemylsayl)-5,5 , -bis(2,4,6-trimemylphenyl)-2,2 , - 
biphenyl,.ethylene (-CH2CH2-), 1,3-propylene (-CH2CH2CH2-), 1,2-phenylene (-Q<$U-), 1,2- 

15 haphthylene (^CioHe-), 2,3-naphthylene (-Citf^-), 3,5-mcMoro-i,2-phenylene, 3,5-dibromo- 
1,2-phenylene, .3-iod6-5-memyl-i>phenylene, 3,5-diisoprppyi-l,2-phenylene; 3,5,6- 
trichlor6-l,2-phenylene, . 3-phehyl-l,2-pbenylehe, l,l-diethyl-l,l-methylene, ' 1,1- 
cyclohexyKdene, 1 ,l-cyc?lon%<yhdene, and 3^is6prbpyl-6-meti)yl<2^^ . : 

' .Suitable examples of R in formulas n and TV include, without limitation, 

20 hydrogen, methyl, ethyU mpropyl, n-buiyi, : isbbutyl, neo-pentyl, and'tiie various normal and 
branched isomers of hexyl, heptyl, octyl, nonyl, arid decyl monovalent prinia^. ramcals. 
Suitable exampies;6fX m formulas n andin include,. without limitation, ^^ memyiene (/dH^); 
ethylene (-CH 2 CH 2 -), . 1,3-prdpylene \-CH 2 C&2CH 2 -), 1,2-phenylene (-C 6 H4-), 1,2- 
naphthylene (-CioH 6 -), 2,3-naphthylene (-C, 0 H 6 -), S'.S-d^cMoro-l^-phehylene/is-dHbrbmo- 

25 1,2-phenylene, 3-iodb^5-memyl-l,2-phe 

tri(Wbro-r,2-phenylene, ; : 3-phenyl- 1,2-phenylene, ' l,i-diemyl-l,l^methylehe, 1,1- 
cyclohexylidehe, l,l-cycl6heptylidene, and S-isoprbpyl-e-methyl-l^-plienylene: Suitable 
examples of Ar 1 and Ar 2 in formula IV include, without limitation, 1,2-phenylene, methyl- 
i,2-phehylerie; ethyi-l,2-phenylehe, isopropyl-l,2-phenylene, 5-teri-burylrl^-phenylene, 

30 dimethyl-1 ,2-phehyleiie, diethyl-1 ,2-pheriylene, diisopropyl-1 ;2-phenylene; 3,5-dftert-butyl- 
l4-phenyjene,' 3-tert-Dittyl-5-methdxy-t^^ 
phenylene, 3,5^-tert-amyi^ 
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phenylene, S-phenyl-S-tert-butyl-l^-phenylene, 1,2-naphylyl, and substituted vatiatibiis of 
1,2-naphthylyl. Suitable examples o f Ar 3 and Ar 4 in' formula IV include, without limitation, 
phenyl, tolyl, xylyl, ethylphenyl, isopropylphenyl, 2-tert-butylphenyl, 2,4-dimethylphenyl, 
2,4^iemyiphenyl, 2,4^iisopropylphenyl, ^di-tert-butylphenyl, 2,4-dimethQx^phenyi, 2,4-' 
di-tert-amylphenyl, 2-tert.buryl^methoxyphenyl, 2-trimemylsUy4^^^ 
naphthyl, and the like. • • . . . .;•-•>;,. 

•■' In a more preferred embodiment of formula I, each M is phosphorus (P) and 
Q is selected from 2^-bisatylenes. In an even more Referred embodiment of formula I, 
each M is phosphorus (P); Q is. selected from 2,2'-bisarylenes; arid W is Formula IV. In yet 
another- even more preferred, embodiment; each Mi is phosphorus CP); Q is selected from 
2,2'^isaiylenes; W is formula IV; and.n is 0. 

Most preferably, each M is phosphorus (P); Q is a 2,2^3^1^6 with 
substitutions on 3,3', or 5,5', or 3,3',5,5' positions; W is formula IV; n is 0; and the 
composition is represented by formula VI: •■>'• '• ' . .-••.-.av--. 




Z • 
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wherein R and. R^are as. defined hereinabove; R 3 , R 4 , R 5 , R 6 , A and Z are each' 
independently selected from, the group comisting of hydrogen, halogen, monovalent . - 
hydrocarbyl radicals, alkoxy radicals and trigiydrocarbyl) S ilyl radicals, and substituted: 
variations thereof, and B and Y are each independently selected from aryl radicals, tertiary 
alkyl radicals, and bi(hydrocarbyl)silyl radicals. Preferably, each R\ R 4 , R 5 , R 6 , A and Z is 
independently selected from the group consisting of hydrogen, halogen (more preferably^ ' 
chloro, brorhd, iodo), alkyl, aryl, alkaryl, aralkyl, aiicychc; alkoxy, aryloxy, hydrocarbyl 
carbonyl [-C(0)R 7 ], hydrocarbyi carboxy [-6G(0)R 7 ] (wherein R 7 is arnonovalent. 
hydrocarbyl radical), and tfi(hydrocarbyl)silyl radicals, and substituted variations thereof. 
More preferably, the aforementioned hydrocarbyl, alkoxy, and tri(hydrocarbyl)silyl radicals 

'• ' • • ' "•• • '• •••••• '• -7,. .. . • .. . 



each comprise from 1 to about 20 carbon atoms. Specific illustrative monovalent radicals 
represented by R\ r* r* r« A andZ include without limitation as alkyl radicals: methyl 
ethyl, propyl, isopropyl, butyl, sec-butyl; t-butyl, neo-pentyl, sec-amyl, t-amyl, iso-octyl, * 
octyl, 2-emymexyi, iso-nonyl, iso^^ 

and ahthracyl; as aralkyl radicals: bWand phenylethyl; as alkaryl rad^s: ^lyU^yl ' 
dimethylphenyis, diethylphenyls, trimethylpheriyii triemylphenyls, and p^all^nenyt 4 
aUcycIfc radicals: cycldpeutyl, cycl^ 

memylcycibhexyi; as alkoxy radicals: memory, ethoxy, propox^butoxys, and pentoxyl as 
aryloxy radicals: phenoxy, and naphthoxy; as hydrocarbyl carbohyl radicals: aceryl, 
propionyl, arid the like; as hydrocarbyl carboxy radicals: tri(methyl)acetoxy, 
tri(ethyl)acetoxy, and tri(phenyl)acetoxy; and as tri(hydrocarbyl)silyl radicals: 
m(memyl)suyl,tri^^ Most preferably, each Ais 

independently selected from hydrogen, chloro, bromo, iodo, methyl, ethyl, tertiary butyl, 
isoarnyl, tertiary ainy^,' tertiary octyl, methoxy; acetyl [CH 3 C(0)-], propionyl : - ' 

[GH 3 CH 2 C(b).] and'trimethylacetoxy KCH 3 )3C-C(6)0^] radicals: Most preferably- each Z 
is independently Selected from tertiary butyl, tertiary amyl; tertiary octyl, iri(meth y r)siiyl, 
tri(emyl)silyl, xylyis, d . !. 

diethylphenyls, trimemylphenyls (moreprerera^ 
trimethylacetoxy radicals. • 

™eBandYsubstiraehtsoffor^^^ 
from'aryi radicals, tertiary alkyl radicals, and tri(hydrocarbyl)silyl radicals, Preferably^ 
and Y are each independently selected from tertiary alkyl radicals, aryl 'and alkaryl radicals 
(with the proviso that toe aryiradicals do not have substituents on the orth6 positions) and 
tri(hydrocarbyl)silyl radicals, the aforementioned radicals having from 3 to about 30 carbon 
atoms . Suitable examples of tertiary alkyl radicals include without limitation tertiary butyl, 
t-amyl, t-octyl, and the like; 1 aryi radicals include phenyl, naphmyl, anthracyl, and the like; 
alkaryl radicals include tblyl, xylyl, diahy^ p. 
^'phenyls, and toe^^^ 

toemylsilyl, triph^ j&tftiie Kke/'l^p^^^e^Bif^ 

hideiie^daifly sdectedfroin teftiaiyT>ui& trime^lsi^^y^'^c^ip^^ .." 
(preferably,3,5:dirriemylph^^ 
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radicals. More preferably, each Y is independently selected from tertiary butyl, tertiary 
amyl, and trimethylsilyl radicals. 

. Optionally, any of the aforementioned radicals associated with R, R 1 , R 2 , R 3 , 
R 4 , R s 9 R 6 , A, B, Y, and, Z maybe substituted, the word "substituted" to include any 
5 substituent, Le., halo, nitrp, amino, cyanp, trifluoromethyl, hydroxy, sulfonyl, sulfinyl, and 
any class of organic substituent (for exaipple, alkyl, aryl, alkoxy, amido, acyl, carbonyloxy, 
oxycarbonyl, ^ tri(hydrQcarbyi)silyli ether, ptLosp^oriyl, and fl»pnyl) that is non-interfering 
with the formula or its catalytic and stabilizing properties. % , . 

Most preferably, the ligand composition of this jtayention is selected from the 
10 following species: 



15 




Ligand A 




Ligand B 



20 




Ligand C 




-10- 



6242CL 



210 .iOi'SOE 
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Ligand I 




Ligand J 



The novel ligand composition of formula I of this invention can be readily 
1 5 synthesized by a process comprising contacting a dichloro-bis-chelating ligand composition 
represented by formula VII: 



CI 

W-O v OrJ< 
V/ "CI 



with a 2-hydroxybenzyl alcohol of formula VIII: . 



(VII) 




-.- -/. :,' . . (VIH) 

wherein W, Q, M, R 1 , R 2 , R 3 , R*, R 5 , and R 6 are defined hereinbefore in connection with 
formulas I through V% the contacting being carried out under reaction conditions sufficient 
5 to prepare the ligand composition of Formma I. The preparation of the dichloro-bis 

chelating starting material of formula VII is well known in the art, as described in EP-A1 - 
569,328, EP-Al-353,770, EP-A1-213,639, and as disclosed by Stephen D. Pastor et al., in 
Inorganic Chemistry (1996), 35(4), 949-958, the aforementioned references being 
incorporated herein by reference. 2-Hydroxybenzyl alcohols are well known and readily 
10 available. . 

Any quantities of dichloro-bis-chelating compound of formula VII and 2- 
hydroxybenzyl alcohol of formula VDI can be employed in the synthesis reaction, provided 
that the novel ligand composition of formula I is produced. Typically, the molar ratio of 
hydroxybenzyl alcohol of formula VHI to dichloro-bis-chelating compound of formula VII 

15 is greater than about 0.7/1.. Typically, the molar ratio of hydroxybenzyl alcohol of formula 
VHI to dichloro-bis-chislatihg Compound of formula VII is leiss abbut 1.3/1: ^Preferably, 
the molar ratio of hydroxybenzyl ^tohoiof foixlula'Vm to dicMofb^bis-bfielatmg • :: 
compound 6f formtila VH is about 1.0/1 .6 (within ±15 percent)/ The condehsatibh reaction 
is typically conducted in the presence of a solvent, any variety of which may be raipioyed 

20 provided that the desired ligand Composition of fetmula I is obtained. Preferably, the 

solvent is selected to solubilizb the bis-chelate and hydroxyalcohol rfeafctants,- the hydroxy 
alcohol in particular. The usual precautions are taken to select a solvent that is non-reactive 
with the reactants and stable under the synthesis conditions. Ethers, more preferably, 
tetrahydrofuran, are the preferred solvent The amount of solvent used may be readily 

25 determined by one skilled in the art. (Generally j sufficient solvent is employed 6uch that the 
concentrations of the dichloro-bis-chelatinjg compound of formula Vfi and the 
hydroxyalcohol'of formula VIII are each no greater than about 20 weight percent, and 
preferably; rio greater than about i 0 weight pef6ent in the resulting r^actibii mixture. ' 



Typically, the concentrations of the dichloro-bis r chelating compound of fonnula VII and the 
hydroxyalcohol of forraula VHI are each greater than about 0.01 weight percent,. and . .. 
preferably, each greater than about 0. 1 weight percent in the reaction mixture. 

A base is also employed in the. synthesis of the composition of formula I. 
The base may be any base that is capable of binding hydrogen chloride. Non-limiting . 
examples of suitable bases include amines, such as alkyl amines, preferably, d-^.trialkyl 
ammes,.as.well as basic N-heterocycl?s. Non-limiting examples of suitable bases include 
triethylmnine, tripropylamine, Jributylamme, and pyridine. Since two equivalents, of 
hydrogen chloride are produced per equivalent of dicWoro-bis-chelating compound reacted, 
the base is typically employed in a two-fold or greater molar excess relative to the moles of 
di9hlQro T bis-chelating compound. Preferably, the molar ratio of base to dichloro-bis-chelate 
is greater than about 2.2/1, but less than about 2.7/1. 

Any conventional reactor and operable reaction conditions can be employed 
for the synthesis, provided that the desired ligand composition of formula I is produced. For 
example, batch reactors and continuous stirred'tank reactors (CSTR) can" be suitably 
employed. The reaction temperature is typically greater than about -35°C and less than 
about 60°C. Usually, the reactants are initially. mixed at about -30°C, and then the reaction 
temperature is allowed to rise to ambient temperature, at which temperature the synthesis 
may be essentially complete. If not complete, then a slight heating up to about 60 d C may be 
employed. The synthesis is conveniently conducted at ambient pressure; but a higher or 
iower pressure may also be employed. Usually; the synthesis is conducted under an inert . 
gaseous atmosphere, such 'as nitrogen, argon, helium, or the like: The residence time of the 
reactants in the reactor is typically greater than about 1 5 minutes, and preferably, greater 
than about 30 minutes. The residence time in the reactor is less man about "10 hours, ' 
preferably, less than about 5 hours, more preferably, less than about 3 hours, and most 
preferably, less titan about 2 liouW. At flie completion of me'synthesis, the ligand «* ' ' * 
composition of formula lis isolated from the i reaction ntixntfeby memodskhown to; those - 
skilled in the art. Typically, an amine salt resulting from the reaction of mie base with the 
co-product hydrogen chloride, is filtered off; and the resulting product fluid is treated by 
standard methods including, for example, evaporation, distillation, crystallization, ; 
extraction, or tituration to yield an essentially pure tigahd product of formula I. typically, 
the in situ (non-isolated) yield of ligand product is greater than about 85 mole percent, 



preferably, greater than about 95 mole percent. The isolated yield of ligand product is 
typically greater than about 50 mole percent, preferably, greater than about 60 mole percent, 
and more preferably, greater than about 70 mole.percent. - - 

The composition of formula VIJ. can be prepared by reacting a composition of 
5 fiannula.IX: ' .* ; > /*. . v . ■ 

■ •/ **** • ox) 1 - v 

with a Group VB trichloride (MCI3), wheremW, Q, aridM 

connection with formula L Preferably, M is phosphorus, and the Group VB trichloride is 
phosphorus trichloride (PCI3X Likewise, the composition of formula IX can be prepared by 
10 reacting a monochlorodite composition of formula X: 

W-Cl (X) 
with a bis-hydroxy compound of formula XI: 

15 wherein W and Q are as defined hereinbefore in connection with formula L The general m 
conditions for . the above-described synthesis reactions of formulas VII and EX are siniiiar to 
the conditions used for making the compound of formula I and are known in the art, as 
found in US 4,748,261, incorporated herein by reference. The synthesis of the . 
monochlorodite of formula X may also be found in tfcie art. A preferred synthesis of 

20 formula X is described in co-pending US patent application serial No. 60/363,725, filed on 
March 1 1, 2002, wherein MCI3 (M = P, Ar, or Sb) is reacted with a bis-hydroxy compound 
corresponding to the organic portion of fragment W (organic portion of formulas II, in, IV, 
anct V hereinabove as bis-hydroxy compounds absent M) in the presence of a stoichiometric 
or excess amount pf a weak amine base, such as N,N-dimethylaniline (DMA), under . 

25 reaction conditions. Typically, about stoichiometric quantities of bis-hydroxy compound 
W(OH) 2 , MCI3, and base (1 ; 1:2) ate employed; but variations from stoichiometric quantities 
may be tolerated. Again, ethers, alkanes, and aromatic hydrocarbons, provide suitable 
solvents. Preferably; the Solvent is selected from teti^ydr6fiiah,;diethyi ether, ; toluien6, : and 
imxttures thereof. The concentration of th6 reagents in the solvent ranges in each instance 
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from greater than about 0.01 weight percent, preferably, greater than about 0.1 weight 
percent to less than about 20 weight percent, and preferably, less than about 10 weight 
percent The process typically is conducted at a temperature greater than about -78°C, and 
preferably, greater than about -40°C. The process is typically conducted .at a temperature . 
5 less than about 60°C, preferably, less than about 40°C Generally, the process is carried out 
at ambient pressure, but higher or lower pressures may be also employed. Reaction under 
an inert atmosphere, such as nitrogen, argon, or helium is preferred. 

The composition of this invention of formula I finds a variety of applications 
including, for example, as a ligand in transition metal complex catalysts and catalyst 
1 0 precursors that are used in carbonylation processes, preferably, hy&ofo^ . 
Accordingly, in a second aspect this invention provides for an entirely new class of complex 
catalysts and complex catalyst precursor compositions that comprise a Group VIII transition 
metal bonded to at least one ligahd represented by formula I. Optionally, the Group VIII 
transition metal m£y also be bonded to carboii monoxide, hydrogen, or both carbon 
15 monoxide and hydrogen. The Group VHI transition metal that makes up the complex 

catalyst or catalyst precursor composition of this invention includes those transition metals 
selected from the group consisting of fhddium (Rh), cobalt (Co), Mdium (jr), ruthenium 
(Ru), iron (Fe), nickel (Ni), palladium (Pd), platinum (Pt), and osmium (OS), and mixtures 
thereof, with the preferred ihetals being riithemum, rhodium, cobalt; and iridium; more 
20 preferably, 1 rhodium arid cbbalt, and most ^refer^bly, rhodium. The. term "complex" as used 
herein shall be taken to mean a coordination compound formed by theuhipn of bne or more 
Uginds,.herein one of moire ligands of fonriula I, with a Qrbup VIII metal. ; InherCTtly, the 
ligands are electronically rich, since feabti ligand possesses twp Group VB ddnoratoihs; each 
of which possesses one available or unshared pair Of eliectroris that is capable of ^fdtming\a % 
25 coordinate cbvalerit bond independently or in concert (e.g., via chelation) with the 
Group VIII transition metal. The oxidiatibfi state of thfe Group Vm metal may be any 
available oxidation state, both electronically neutral (zero) or electronically deficient 
(positive valence) that allowsr for bonding to the ligahd- Moreover, the oxidation state of the 
Group VIII transition metal as well as the overall oxidation state of the coordination 
30 complex or whiplex precursor may Tke> 

numbeir of available coordination sites on the Group VIII transition metal is well Mown in 
theartand may rtoge typic^ Optionally, the Group VIII 
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transition metal may be additionally bonded to carbon monoxide, hydrogen, or both carbon 
monoxide and hydrogen. ... 

In. a third and related aspect, this invention can be described as a novel. ... 
. transition metal complex catalyst or catalyst precursor, solution comprising, an organic . I 

5 solvent, a solubilized Group Vm transition metal-ligand complex, and optionally, free 
ligand, wherein the ligand is represented by formula I hereinabove. Such novel solutions 
may be prepared by forming a solution comprising an organic solvent, free ligand, and a 
Group Vin transition metal source material, such as the corresponding transition metal . 
oxide, hydride, carbonyl, salt, or organotransition metal complex described hereinafter, and 

1 6 thereafter subjecting such solution to reaction conditions sufficient to bind at least a portion 
of the ligand to the Group VIII transition metal. Optionally, carbon monoxide and hydrogen 
may be dissolved in the solution and bonded to the Group VIII transition metal. 

The Group VIII transition metal-ligand complex catalyst of this invention can 
be synthesized by methods known in the art. Pbr instance, Gioup VIII transition metal • 

1 5 hydridd-caA6riyi(lijgiahd) catalysts may be preformed and introduced into the reaction 
medium of a carbonylatidn process. Standard identification methods may be used to 
identify the complex catalyst tiv catalyst precuisi^ 

elemental. analysis, mass spectroscopy, infrared spectroscopy, and *H, 31 P, and/or l3 C NMR 
spectroscopy, and the. like. " ' ; . 'i. \; 

20 \ Ptefeably, the Group VII^ 

invention is derived from a Group Vnl transition metal source material that is introduced 
into the carbdnylatibri reaction medium for in situ formation of the active catalyst For 
example, rhodium source materials, such as, rhodium acetylacetbriate, rhodium dicarbonyl 
acetylacetohate, Rhib 33 Rtii(CO)i2» [RhCl(CO) 2 ]2, Rh<s(CO)i6, Rh(NOi) 3 ; and the like may 

25 be introduced ihto the carbonylation reaction medium along with the ligind for the in situ 
formation of the active catalykt En a preferred embodiment; rhodium dicarbonyl 
acetylacetonate is employed as a rhoditim source material and reacted in the presence of a 
solvent with the ligand to form a rhodium-ligand Complex catalyst precursor composition, 
which is introduced into the reactor along with excess free ligand for the in sitti formation of 

30 the active catelyst. In any event, it is sufficient for the purpose of this invention to 

understand that carbon mbnpxide, hydrogen, and ligand are all ligands that are capable of " 
being complexed with the Group VHI transition metal, e.g., rhodium, and that an active 
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Group Vni transition metal-ligand catalyst is present in the reaction medium under the 
conditions of the carbonylation, and preferably, hydroformylaition process. The reactioti 
conditions sufficient for formation of the complex catalyst or catalyst precursor in nidst 
cases will be similar to the carbonylation reaction conditions described hereinbeloW. 
5 ' ' ■ * In a preferred embodiment the Group Vlfl transitibh fnetal-Hgand complex 

catalyst composition of this invention may be defined as comprising ia Grbiip VIlI triinsitibn 
metal coiriplexed with carbon monoxide and at ieast one ligand of formula I, safid Hgaiid 
fedng1kmded'(i.e^ ; vA ' '" : 

Moreover, the term "comprising" is also meant to include liydrogen complexed with the 
1 0 metal, particularly in file case of rhodium-catalyzed liydrofonnylation processed wherein 
hydrdgeh is also present in the reaction mixture. As noted hereinabove, the carbbnyl aiid/or 
hydrogen ligands of an active rhodium Kgand complex catalyst may be present as a result of 
being ligands bound to a Group VIII transition metal source material, or as a result of being 
ligands bound to a Group VIII transition metal complex precursor composition, arid/or as a 
1 5 result of in situ formation due ! to hydrogen and carbon monoxide being employed in the 
hydroformylation process. 

in a fourth aspect; this invention provides for a carbbhylatibn process, which 
comprises contacting an organic compound capable of being c^bbnylated with cibon : 
monoxide in th^ presence of the Group Vffl 1 transition ihetaMigand cbmplek Cataly st; : * 
20 mentioned above, wherein the ligand is represented by formula I. Siibh processed may 1 

include the carbonylation of organic compounds, such as olefins, acetylenes, alcohols, and 
activated chlorides, with carbon monoxide, and optionally, either hydrogen, alcohol, amine, 
or water, as well as ring closure reactions of fbiictiohally unsaturated compounds, e.g:, J 
unsaturated amides, ^ vidthxarbon monoxide. Exemplary carbonylation processes include^ for 
25 example, simple carbbnylatiori (insertion of carbbnyl in absence of othe* 

hydrofbribylation, hydroacylatioh (intermolecular and intramolecular), hydrocyanation, ■ 
hydroamidatioh, hydroesteinficatiori, and hydrocarbqxylation processes. The contacting in 
siiibh a process is conducted under carbonylation conditions sufficient to prepare the! 
corresponding carbonylated organic compound In a preferred embodiment, the 
30 carbonylation process also cohtaini free ligand in additioti to the ligand bohded to the Group 
Vm transition metal. Preferably, the carbbnyiatibn process involves a ^hydtbformylatibn 
process, more pirfcf erably, the hy^foiliiyiatioii df an: olefili with carbon monoxide in the 
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presence of hydrogen to prepare an aldehyde. The more preferred carbonylation process to 
prepare aldehydes is known in industry under varying names including the "oxo" process, 
the "oxo" reaction, "oxonation," the "Roelen reaction," or more commonly, simply 
'Ihydrofprmylation." The processing techniques employed in the carbonylation process of 

5 this invention correspond to any of the known processing techniques employed in- 

conventional parbpnylation processes, or hydrofonnylation processes, as described in detail 
hereinafter. ■ > • ; - *.."*:.•. •'- * 

>.-...-.. It is to be noted that the succ^sfut practice of this carbonylation process 

invention does not depend arid is not predicated upon the. exact formula of the catalytically 

1 0 active metal complex species* which may be present in a mononuclear, ; dinuclear, or higher 
riuclearity form. Indeed, the exact formula of the catalytically active metal ligand complex 
may be difficult to determine analytically. Although not intended to be bound to any theory 
or mechanistic discourse, it appears that the active catalytic species in its general form 
comprises the Group VIII transition metal in complex Combination with one or more ligands 

15 of formula I, further hi combination with carbon monoxide, since carbon monoxide is also 
present and capable of cbmplexirig to the Group Vtll transition m&al. As noted previously, 
the ultimate composition of the active complex may also contain one or more Mdltioiial 
ligands, stich as hydrogen, or an anion satisfying the coordination sites br nuclear charge of 
th6 Group VIII transition toetal, ias flie case may be; obtained typically from the starting 

20 transition metal material. Illustrative additional ligands include halogen (CI", Br , I"), alkyl, 
afyl, substituted arjrt, CF 3 ~; C 2 F 5 V CN\ R» 2 PO", RT(0)(OH)0~ (wherein ^ach R' is alkyl or 
aryl), CH 3 C(0)0'i at^tylacetomte, S0 4 2 ^ PF 4 \ PF 6 ", NO2VNO3*, CHaO^ CH 2 ==CHCH 2 < 
C 6 H 5 CN; CH 3 CH=, NO, NH3, pyridine, (C 2 H 5 )3N, monb-olbfins, diolefins;' tnolefins, : * 
tetr^ydrofuran, arid the like; Of course, "it is to be understood that the active c6mpl&^ 

25 species is preferably free of any additional orgaiiic ligand or anion that might poison the * 
catalyst and haVe an undue adverse effect on the catalyst performance. For instance, in 
conventional rhodiiim-catalyzed hydfofoimylation 

atoms may typically poison the catalyst Accordingly, it is preferred that iii the rhodium- ' 
catalyzed hydrofonnylation reaction of this invention that the active catalyst also be free of 
30 halogen and sulfut directly bonded to the rhodium, although such requirement may not be 
absolutely iiecessary. *" 
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Any amount of complex catalyst can be employed in the caiboriylation 
reaction mdiiiim* provided that the amount is sufficient to catalyze the. desired 
carbonylation process. In general* the concentration of complex catalyst provides for a 
concentration of Group Vm transition metalof greater than about 10 paite per ^ 
5 (ppin), preferably, greater than about 25 ppm, by weight calculated as free install Generally, 
the concentration of complex catalyst provides for a concentration of Group VTEt transition 
metal of less; than about 1 ,000 ppm, preferably, less than about 800 ppin, land more o 
preferably, less than about 600 ppm^ by weight calculated as free metal; 

The olefinic reactants to be used in the preferred carbonylation process of 

1 0 this invention can be any terminally or internally olefinically-unsaturated aliphatic 

hydrocarbon, including straight chain, branched chain, and cyclic formulas. Such olefins 
contain preferably from 2 to about 60 carbon atoms and one or more unsaturated groups* 
Moreover, such olefins may contain substituents that essentially do not adversely interfere 
with the hydrofbrihylatibri process, including; for example, carbonyl, carbohyloxy, hydroxy, 

15 oxycarboriyl, tialoj alkyoxy, aryf, haldalkyl, and'ihe like. Nbni-limitirig examples of suitable 
olefinic unsatufated'reactahts include, for example, alpha Olefins, iriterfial blefins; &kyl 
alkfenoates, alkdriyl alkandates, alkenyl alkyl etiiers, alkeitols, and the like; ffibre'sp^cafically, 
ethylene, propylene, 1-butene- 1-pentene, 1-hexene, 1-octehe, 1-decene, 1-dodecehe, T- 
octadecene, 2-buterie, 2-methyl pf opene (isobutylehe), isoamylene, 2-pehtehe, 2-hexene^ 3- 

20 hexene, 2-heptene, cyclohexene, propylene dimere, propylene trimers, propylene tetraihers, 
2^ethylhexene^s^o:erie, 3^phiOTyl-l-prdpene, butadiene, 1,3-cyclohexadiene, 1,4- 
cyclohexadiene, 1,7-octadiehe, 3-cyclohexyl-i-butene, allylalcohol, hex-l-en-4-bl, 6ct-l- 
bne-4-ol, vinyl acetate, allyi acetate, 3-butehyl acetate, vinyl propionate, l-vinyl-3- 
cyciohexbne, allyl propionate, allyl butyrate, methyl meth'aarylate, 3-btitenyl acetate, vinyl 

25 ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate, methyl l^decenoate; 3- 

butenenitrile, 5-hexeriamide, methyl olbate, castor oil, soybean oil and the like; Mixtures of 
olefinic starting materials can be employed, ? if desired. Preferably, the carbonylation process 
is especially useful fofr the production of aldehydes by the : hydrofoimylation of alpha olefins 
containing from 2 to about 60 carbon atbrris and internal olefins containing froiih 4 ; to about 

30 50 carbon atoms, as well as mixtures of such alpha arid internal olefins. * 

Hie carbonylation process, and preferably hydroformylation process, of this 
invention is also preferably conducted in thepresente of an organic solvent for the Group 
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VIII transition metal complex catalyst. Any suitable solvent that does. not unduly interfere 
with the carbonylation process can be used including those types of solvents commonly used 
in prior art carbonylation processes. By way of illustration, suitable solvents for rhodium 
catalyzed hydroformylation processes include those disclosed, for.example; in US . 

5 3,527,809; US 4,148*830; and US 5,929,289, the aforementioned citations being 

incorporated herein by.refererice. Non-limiting examples of suitable solvents iiiclude, 
saturated hydrdcarbons,.aromatic hydrocarbons, ethers, aldehydes; ketones; nitrites, and. : "\ 
aldehyde condensation products. More spetific. Solvents,, for example^ include flie : following 
solveiits^tetraglyme,.pe^ xylene, toluene; diethyl ether, 

10 tetrahydrofuran, butyraldehyde, and benzonitrile. Mixtures of two or more solvents may 
also be employed; In rhodium catalyzed hydroformylation processes, it may be preferred to 
employ as the primary solvent aldehyde compounds corresponding to the aldehyde products 
desired to be produced and/or higher boiling aldehyde liquid condensation by-products, for 
example, as might be produced in situ during the hydroformylation process, as described for 

15 example in US 4,i48,380 and US 4,247,486, incorporated herein by reference; Indeed, 
while one may employ, if desired, any suitable solvent at the start-up of a continuous 
process, the primary solvent will noimaiiy eventually comprise both aldehyde products and 
higher boiiirig aldehyde' liquid condensation by-products, due to the nature of such 
continuous processes- ' The amount of solvent is hot especially critical and heed only be 

20 Sufficient to provide the reaction mediufin with the desired amount of Group VHt transition 
metal concentration. Typically, the amount of solvent ranges from about 5 percent to about 
95 percent by weight, based oh the total weight of the reaction medium; 

The carbonylation process of this invention may preferably be conducted in 
the presence of free ligand, that is, iigand that is riot complexed with the Group Vni 

25 transition'metal. The use of free ligand may not be absolutely necessary, however. The free 
ligand may correspond to any of the ligand species illustrated hereinabove! While it is 
preferred to employ a free ligand that is the sanie as the ligand complexed to the transition 
metal in the Group Vlli-ligand complex catalyst, it is hot absolutely fequired for'the free and 
complexed ligands to be the same. The free and complexed ligands may be different, if 

30 desired. Prior ^hiorgahophosphines,; triors 

bisphosphites may be employed as the free ligand. While the carbonylatibn process of this 
invention may be carried out : in any excess amount of free ligand, typically at least One mole 
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of free ligand per mole of Group VIII transition metal is present in the reaction medium. 
For most purposes, preferably, the amount of ligand per mole of Group VIII transition metal 
is greater than about 1.1/1, more preferably, greater than about 1 .3/1 is employed.. 
Preferably, the amount of ligand per mole of Group VIII transition metal is less than about 

5 100/1 , more preferably, less than about 50/1 . The aforementioned ratios correspond to the 
sum of both the free and complexed ligand.. Make-up ligand can be added during, the 
carbonylation process at any time and in any suitable manner, so as to maintain a ... 
predetermined concentration of free ligand in the reaction medium. . 

The reaction conditions for effecting carbonylation can be chosen from any 

10 of those conditions conventionally used and known for such processes. Generally, the. 

carbonylation process temperature is greater than about 30°C, preferably, greater than about 

40°C. Generally, the carbonylation process temperature is less than about 200°C, preferably, 

less than about 120°C. Pressures greater than about 1 psia (7 kPa) to less than about 1 0,000 

psia (68,948 kPa) are usually employed. The carbonylation process may be conducted as a 

15 single pass,' cbntinubusprociess. Alternatively, the carbonylation process mayiticludte : * 
..... . .... • * 

recycle of any unreacted olefin reagent for multiple pass* continuous processing. 

. . . As noted herein, the preferred carbonylation process involves; contacting an 

olefin vrtth carbon monoxide tod hydrogen under reaction conditions sufficient to prepare 

an aldehyde. The total gas pressure of liydrpgeii; carbon monoxide, and olefinic unsaturated 

20 reactant in the hydroforinylatibn pfbcess may range from greater, than .about 1 psia (7 kPa) to 
less than ^btit 10,000 psia (68,948 kPa). Preferably, the total pressure of hydrogen, carbon 
monoxide, and olefinic unsaturated reactant is less than abbiit 2000 . psia.(il 3,790 kPa), and 
more preferably* iess than about i 500 psia (10i342 kPa). More Specifically, the carbon 
monoxide partial pressure of the hydrofbnhylsition process of this invention is t$^iballjr 

25 greater than about 1 psia (7 kPa), preferably, greater than about 3 psia (21 kPa)l The carbon 
monoxide partial pressure of the hydrbfoririylatibii proems of this invention is typically less 
than about 1000 psia (6,8948 kPa), preferably, less tfiari about 750 psia (5171 kPa). The 
hydrogen partial pressure is typically gre'atbr than abbut 5 psia (35 psia), preferably, greater 
than about 10 psia (69 kPa). The hydrogen partial pressure is typically less than about 1000 

30 psia (6,8948 kPa), preferably, less than about 750 psia (5171 kPa): In general, the H^CO 
molar ratio of gaseous hydrogen to carbon monoxide may be greater than about 1/10; and 



preferably, equal to or greater than about 1/1 ; The H2/CO molar ratio may be less than : 
about 100/1, and preferably- equal to or less than about 10/1. ^ 

Further to the hydrofonhy&tion process of this invention, the reaction ;r 
temperature will depend upon the particular olefinic reagent and metal catalyst «nfffoyfe3 } as 
well as the efficiency desired. Generally, hy&ofbrmylatioiis at reaction temperatiu*es of ; - 
greater than about 30°C, and preferably, greater than about 40°C, are suitable; Generally, 
hydroformylations at reaction temperatures of less than about 150°C, and prefetobiy,less - 
than about 120°C, are suitable. Alpha-olefiris are more preferably 'hydrofdrmylated : at a 
temperature of greater than about 40°C and less than about 80°C; whereas 1 less reactive 
olefins, such 'as isbbutylerie and internal olefins, are more preferably hydrbformylated at a 
temperature greater than about 50°C and less than about 120°C. 

The carbonylation process, and preferred hydrofonnylatiori process, of this 
invention can be carried out in the liquid or gas phase, or preferably, in mixed liquid and gas 
phases, which can more preferably involve a continuous liquid phase and a gas phase 
recycle system 6r combiriatidh df recycle systems. In a preferred embodiment, the process 
involves a contmubus homogeneous catalysis process wherein carboriylafidn is"cahied out 
hi the presence qf free ligand and any conventional solvent, as described herdnkiidVe/ ^ " : ~ ■ 

Optionally^ the hydrbfoim^ 
of ah amine base, which functions apparently to scavenge acid by-producfe, although the 
invention should not be limited to such k theory/ The amine base may be any aikyl or aiyi 
amine or mixture thereof prbvided that the amine so selected does not mterfere with the 
hydrofqrmylation process. Suitable amine bases include N,N-di(iso^rojpy)ethylaininiB, 
tiiethylamm and pyridine. A preferred amine base has a pKb of 

less than 8.9. A more preferred base is N,N-di(iso^ropyl)e1hylamine. 

In the preferred hydrofonnylation process of this invention, the olefin' 
conversion is generally greater than about 70 mole percent. For ihe p^urposes of this : 
invention, ! M oiefm conversion" shall be defined as the'inole pbrc^itafee of olefin feSd 
inverted to all pirdducts." dlefini bdnvef sioii will vary depending upon the specific 1 olefin 
reactant, the specific form of thdcataly$t; and the specific process conditions employed. 
jPreferably, the blefiri conversion is greatef than about 80 mole percent, mbre preferably, 
greater than about 90 mole percent, and most preferably, greater than about 95 mole percent. 
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Likewise, in the preferred hydroformylation.process of this invention, the 

yield of aldehyde product, e.g., n-nonarial, achieved is generally greater than about 70 mole 

percent For the purposes of this invention, "yield" will be defined as the mole percentage 

of aldehyde product produced, based on the total moles of olefin fed to the process. Again, 

5 the yield of aldehyde produced Will vary based on the sp&ific olefin feactant, the specific 

form of the catalyst, and the specific process conditions employed- Preferably, the yield of 

aldehyde is greater tfcan abbit 75 mole pfcrcent, imoire preferably, greater than about 80 mole 

percent, even more preferably, greater than about 85 mole percent, and most prefer abiy, 

greater than about 90 mole percent r v: /-"v-. :-r.; 

10 An additional advantage of the process 6f this invention resides in the high 

molar ratio of normal (linear) to iso (branched) (N:I) aldehyde products achieved, when 

normal aldehydes are die desired products. Typically, the N:I molar ratio is greater than 

about 10:1, preferably, greater than about 20:1, more preferably, greater than about 30:1, 

and most preferably, greater than about 40:1 . In some instances, an N:I molar ratio of 

15 greater than 100:1 is observed The pirocess of litis invention also exhibits acceptable rates 

of reaction (typically, equal to or greater than about 2 moles per hour (M/h), arid preferably , 

greater than about 10 M/h), and desirably low selecfivities to isomerization products arid 

hydrogenated products (t^ically, less than about 10 'mole percent and preferably, less than 

about 5 mole percent). , • ■ ; ■ 

20 ' Finally, the aldehyde products of tiie hydrdformylatidn process fiaVe a wide 

range of utilities that are well known arid documented in the prior art; for exariiple, ttiey are 

especially useful as starting iriaterials for the production of alcohols and acids. 

• . * * * ■* 

The following examples are illustrative of the present invention and are riot 

to be regarded as limiting thereof. Variations in operational parameters, such as reactants, 

25 process conditions, forms of the transition metal ligand complex catalyst, and ligarid 

species, which all fall within the sdope of the claims, will be apparent to those skilled in the 

art based on the description and examples contained herein: All of the parts, percentages, 

and proportions are given by mole percen^ unless olhenvise indicated. 
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Example 1, Synthesis of Xigand A 

The following procedure was used to prepared Ligand A having the formula: 




LigandA 

At the start, a precursor compound designated "TMS-TMS-PCk" was prepared having the 
formula: 



10 




in accordance with the following procedure. 

To. a. cold (-30°C) solution of ietrahydrofuran (20 ml) and 3,3*- 
bisCirimethylsUyO-S^^di-^utyl^^r-bipKenol (TMS-diol, 6.06 g, 13.6 mmol) was added 

15 with stirring triethylamine (2.80 g, 27.7 mmbl) and phosphorus trichloride (PC1 3 ) (0.933 g, 
6.80 mmol)^ A white precipitate formed immediately, and the slurry was stirred and 
refluxed for 4 hours. The resulting amine chloride salt was filtered off and washed with 
tetrahydrofuran. The filtrate was cooled to -30 b C. To this cold solution was added PCI3 
(1.50 g, 10.9 mmol) and triethylamine (1.4 g, 13:9 mmol) with stirring. A white precipitate 

20 formed immediately. The mixture was stirred for 2 hours at room temperature and then 
filtered to remove the amine salt. The filtrate was evaporated to yield a white solid, which 
was triturated in acetonitrile and filtered, to. produce essentially pure TMS-TMS-PC1 2 
(6.02 g; 87.6%) 3l P{'fi} NMR (122 MHz, CDC1 3 , 5, ppm): Major diasterebmer (92%): 
142.62 and 204.42 (d, V P =3 Hz); Minor diastereomer (8%): 142.43 and 203.34 (s). 
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. Next* a cold (-30°C) solution containing tetrahydrofuran (5.0 ml), 2-hydroxy- 
3-methbxybenzyl alcohol (0.173 g, 1.09 mmol), and triethylamine (0:25 g, 2.5 mmol) was 
added.to a stilted cold (-30°C) solution comprising tetrahydrofuran (5 ; 0 ml) and TMS-TMS- 
RCli (l:00»g, 0.986 mmol). The resulting nnxture was stirred for i ho^,; during. wWcktime 
the mixture was wanned to ambient temperature (about 22°Q- The mixture was then. ; r- / 
filtered to remove triethylamine hydrochloride salt, .and the filtrate was evaporated, to .obtain 
a white solid. The while solid was triturated in acetonitrile to obtain pure Ligand A as a • : v i 
white powder. Yield 0.875 g (81.0%). 31 R{ l H} l^fMR (122 MHz, CDC1 3 , 5, ppm) showed 
four diastereomers: diastereomer 1 (7?%): ; 1 12.3 and 143.1 (s); diastereomer 2.(17%): 109.7. 
and 144,0 (s);,di9Stereomer 3 (3%): 1 13.0 and 142,8 (s); and diastereomer 4 (1%): 1 1 1.2 and 

143;3(S). 



Example 2. Synthesis of Ligand D 

the following procedure was followed toprepare Ligand D having the 

15 formula:* ' 




v..;.. LigandD ■ - 

At the start, a precursor compound designated "TB-MesTMS-PCV 1 was 
20 prepared having the formula: 




in accordance with the following procedure: 
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S^'-Di-t-butyl-Ur-biphaiyl phosphorochloridite (TB-PC1) was prepared 
according to a procedure described in US patent no, 4,748,261 . To a cold (-30°C) solution 
contai^g.tetrahydrofman (10.0 ml) and TB-PC1 (1 .508 g, 4A34 mmol) was added with 
stirring a cold (-30°C) solution containing tetrahydrofuran (10.0 ml)' and 3,3'- 
bis(trimethylsUyl)-5,5^ (MesTMSTdiol) (2.344 g, 

4.134 mmol) and triethylamine (0.418 g, 4.134 mmol). After stirring the reaction mixture 
for 1 hour at room temperature, triethylamine (0.63 12 g, 6.25 mmol) was added to the 
reaction mixture. After cooling the niixture to -30°C, PC1 3 (0.8521 g, 6.205 mmol) in 
tetrahydrofuran (5.0 ml) was added. The reaction mixture was stirred for 10 hours at room 
temperature, and an amine salt was filtered and washed with ether. The filtrate was then . 
evaporated to yield a white solid, which was further dried under high vacuum for 30min. 
The crude white solid was triturated in acetonitrile (1 5 ml) for 1 hour and essentially pure 
product was collected by filtration and dried voider vacuum. Yield: TB-MesTMS-PCb 
(3.56g, 87%). 31 P NMR (122 MHz, 5, ppm): Diastereomer 1 (94%): 139.28 and 203.93 (d, 
Jp4^=5 Hz); Diastereomer 2 (6%): 140.69 and 202.93 (s). 

Next, Ligand D was synthesized Toy reacting TB-MesTMS-PCl 2 , ; 2^hyd[roxy- 
3-metti6xybenzyl alcohol, and triethylamine in a manner similar to the preparation of 
Ligand A hereinabove; Yield Ligand D: 70%. 3 ?P NMR (122 MHz, 8, ppni): Diastereomer 
1 (84%): 113.52, 138.87 (d, Jpl^lHz); Diastereomer" 2 (7%): 110.22, 138.8^ (d, 
Jp.p=15Hz); Diastereomer 3 (5%):1 14.40, 14L13; biastereomer 4 (4%)': 113.51, 140:50. 



Example 3. Synthesis of Ligand E 

Ligand E having the following formula waiS prepared as follows. 



25 




At the start, a precursor compound designated VPlfi-TMS-PCfe' 1 was prepared hayirig^the 
formula.: :* • * ..... ' "\.V ' ' 




To a cold (-30*0) solution containing tetrahydrofuran (THF) (40 ml), diethyl ether (80 ml), 
S^'-rfpfae^ (2.9093 g, 6.456 mmol),.and N,N-dimethylaniline 

(1,6434 g, ,13.561 mmol). jyas added with stirring a cold (-30°C) solution containing diethyl 
5 ether (10 ml) and PC1 3 (0.9312 g, 6.781 mmol). After stirring the mixture for one hour at 
ambient temperature, an N,N-dimethylaniline hydrochloride salt was filtered and washed 
with ether. The filtrate was evaporated under vacuum to yield a white solid, which was 
triturated in acetonitrile (15 ml) for 2 hours, filtered and dried. Yield of 3,3 f -diphenyl-5,5'- 
di-t-butyl.2^-biphenyl phosjphorochloridite (oPhB-PCl): 2.89 g, 87%. 3l P NMR (122 . 

10 MHz, CDCU, 5): 176.80 ppm. 

To a cold (-30°C) solution of tetrahydrofiiiian (5ml) and oPhB-PCl (1.40 g, 
2.72 mmol) was added quickly a cold (-30°C) solution of tetrahydrofuran (5ml), 3,3'- 
bis(trime%lsilyi)^ (TMS-diol) (1.24g, 2.72mmol), and 

triethylamine (0.27g, 2.72mmol). After stirring for one hour at room temperature, a 

15 31 P NMR sample was taken and NMR data was acquired immediately. The spectrum 
showed -98% consumption of oPhB-PCL The intermediate oPhB-tMS-OH was used in 
situ for the next step after removing the triethylamine hydrochloride, salt "by filtration: To 
ttecold (-30 6 C) solutidn of ofhB-TMS-OH was added fcfe (0.45 g, 3.27 mmol) and then 
triethylamine (NEt3> (0.33 g, 3.26 mmol). Ttie mixture was stirred for one hour at room 

20 temperature. A 3l P NMR sample was* taken and the JtfMR data was acquired immediately. 
The 31 P NMR sample showed the reaction was complete. The triethylamine hydrdchibride 
salt was filtered off and washed with ether. The filtrate was evaporated. The resulting solid 
residue was triturated iri acetonitrile, and a product was collected by filtration and dried 
under vacuum for 30min. Yield o-Plffi-TMS^Cfc: 2.089g, 75%. 3I P fclMR (122 IdHi, 

25 CDCf 3 , 5): Diastereomer 1 (94%): 134.92 and 203185 (d, Jp-p = 14 Hz); Diastereonfer 2 
(6%): 141.16 arid 203.33(s). 
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Next, Ligand E was synthesized by reacting oPhB-TMS-PCk; 2-hydroxyr3- 
methoxybenzyl alcohol,, and triethylamine in a manner similar to the preparation of Ligand 
A hereinabove. Yield Ligand E: 75% percent 3! P{ l H} NMR (122 MHz, CDCl 3i 8, ppm) 
diastereomer 1 (65%): 1 10.6 and 135.0 (s); diasfcareomer 2 (32%): 1 10.5 and 132:5 <d;; JpL P =• 
63 Hz); diasfereomer 3 (3%): .112.9 and 142.2 (s). . : J l l' ' • 



Example 4. . .. 

: Ligahds A and D from Examples 1 and 2, respectively, were each evaluated 1 
in the hydroformylation of 1 -bctene to nonanals, in accordance with the following general 

1 0 procedure. A Parr pressure reactor was loaded with tetrahydrofuran and tetraglyme (1:1 
volume ratio), rhodium dicarbonyl acetylacetonate [Rh(CO)2(acac], the synthesized Ugand, 
and an amine, specifically, N,N-di(isopropyl)ethylamine. The reactor was pressurized with 
carbon monoxide and hydrogen to the desired partial pressures, and then the contents were 
heated for 30 minutes to generate the hycfrofonnylatibn catalyst Olefin was added through 

15 a cylinder pressurized at the reaction pressure. Samples weife takeiri ttomighout the reaction 
for gas chromatographic analysis. The process conditions i ahd ^ results of the : 
hydrbfoimylation processes are given in Table 1. ' " v ; 



Table 1 . Hydroformylation of 1 -Octene to Nonanals 



Ligand 


L/Rh 

(mole ratio) 


n-Nonanal 
(mol .%)... 


i-Nohanal 
(mol%) 


Isomerization 
(mol%) 3 


Initial Rate 
(M/hr) : - . 


a 1 ; 


1.3/1 


92.9 


1.7 . 


5.4 


4.0 


A 2 ■ 


1.3/1 


93.9 


2 . 4 


3.7 


1.8 




1.5/1 


90.7 


Q-8 


.8.5 


18. 



20 1. Process Conditions: [1-Octene] 0 ^ 1 M; [Rh] p 300 ppm; 50°C; 3.4 atm 

(342 kPa) CO; 3.4 atm (342 fcPa) H 2 ; CO/H 2 molar ratio = 1/1 ; 20 mole equivalents of N,N- 
. di(isopropyl)ethylamine/mole ligand. , . - 

2. Process Conditions: [1-Octene]o = 1M; [Rh] = 300 ppm; 46°C; 4.1 atm 

(410 kPa) CO; 2.7 ate (410 kPa) H 2 ; CO/H 2 molir ratio - 1.5/1; 20 mbie equivalents of N,N- 
25 di(isppropyl)efliylamine/mple ligand. . 

3. The sum of triis/cis-2-bcten6, trai^cis -3-6ctene, arid ^ 

From Table 1 it is seen that bis-chelating compositions A and D function as ligands in 
rhodium complex catalysts in the hydroformylation of 1 -octene to nonanals. The catalysts 
30 show high selectivity for the normal isomer (n-nonanal); whereas the branched isomer (i- 
: noharial) is produced in low yield, The selectivity to isomerized products is also Toy/..: The 



activity of the catalyst formed with ligand D is nearly five times higher than that formed 
with ligand A. 

Examples \. 

A hydrofprinyiation process was conducted in a manner closely similar to Example 4 
hereinabove; with the exception that Ligand E was used to hydrofonriylate 1,3- ' 
cyclohexadiene. Process conditions and results are shown in Table 2. 



Table 1. Hy<kqfonpylation o^ . , 



Ligand 


L/Rh 
(mole ratio) 


\2,3,4rTHBA 
(mol%) : . 


. ,MtialRate ., : .. 
(M/hr) 


E 


L2/1 


97 


I 16 :\ 



1. Process Conditions: [l,3-CHD]o = 2.5 M; [Rh]~ 500 ppm; 80°C; 

10 atm (1006 kPa) CO; 10 atm (1006 kPa) H 2 ; CO/H 2 molar ratio, 1/1 . 
2.. 1,2,3,4-THBA = 1,2,3,4-tetrahydrobenzaIdehyde, which was the initial product* which was 

was further hydroformylated to dialdehydes and also isomerized to 1,2,3,6-tetra- 
s . hydrobenzaldehyde and 2,3,4,5-tetrahydrobenzaldehyde. 



From Table 5, it is seen that bis-chelating composition E is capable of functioning as a 
Hgand in a rhodium' complex catalyst in the hydroformylation of 1 ,3-cyclohexadiene to 
1,2,3,4-tetrahydrobenzadehyde.. . 
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WHAT IS CLAIMED IS: 

1. A bis-chelating ligand composition having the generic formula: 



R 1 



w-o • o 



-M I 



5 wherein M is a Group VB element selected from phosphorus (P), arsenic (As), or antimony 
(Sb); R 1 and R 2 are each independently selected from hydrogen and monovalent hydrocarbyl 
radicals; or alternatively, R ! and R 2 are bonded together to foim a hydrocarbyl or substituted 
hydrocarbyl diradical that taken with the methylene carbon of formula I forms a cyclic or 
heterocyclic ring; or alternatively, one of R 1 or R 2 is hydrogen or a monovalent hydrocarbyl 
10 radical, while the other of R 1 or R 2 is a hydrocarbyl or substituted hydrocarbyl radical 

bonded to an atom in the aryl group Ar to form a cyclic or heterocyclic ring; Ar is selected 
from 1,2-arylenes; Q is selected from the group consisting of 1 ,2-arylenes, 2£'-bisarylenes 
and alkyl diradicals; and W is selected from the group consisting of Group VB element- 
containing formulas II, HI, IV, and V: 



i > [RRC] n < o m 4 M 



oi) m (iv). * (v) ... 

wherein M is as defined hereinbefore; each R is independently selected from. monovalent, 
hydrocarbyl radicals; X-is selected from alkyl and aryl diradicals; Ar! arid Ai 2 are each 
20 independently selected from 1,2-arylenesj Ar 3 and Ar 4 aire each independently selected from 
monovalent aryLradicals; and n in formula IV is 0 or 1. ' * • 
. 2v The composition of Claim 1 wherein each Mis phosphorus (P). : 
3. The composition of Claim 1 wherein each R* and R 2 is selected fromVhydrdgen, 
Ci-20 primary alkyl radicals, and substituted Gk2o primary alkyl radicals. 
25 .4- The composition of Claim 1 wherein R 1 and R 2 are bonded together to form a 

diradical that taken with the methylene carbon of formula I forms a C3.8 cyclic or 
heterocyclic ring. 
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5. The composition of Claim 1 wherein Ar is a C^o 1,2-arylene or a substituted 
derivative thereof. ' 

6. The composition of Claim 5 wherein Ar is* selected from the group consisting 
of 1,2-phenylene, 

5 ethyl-l,2-phenylerie, isopropyl-l,2-iihenyIiBne, XS-dimethyl-l^-phenyiene, 3,5-<Kethyl- 

1.2- phenylene) 3,5-diisbpropyM^ 

2.3- naphthylene. 

7. The composition of Claim 1 wherein Q is selected from the! group consisting 
of C6-20 1^-arylenes, C12.30 2,2M>isairyleiies, and C1.20 alkyl diradicals, and substituted 

10 derivatives thereof. 

8. The composition of Claim 1 wherein Q. is selected from the group consisting 
of 2,2'-biphenyl, a^^di-tert-butyl^^'-biphenyl, S^'-bisCtrimethylsilyl^S^'-di-tert- 
butyl-2,2'-biphenyl, S^'^^^tetra-tert-butyl^T-biphenyl, S^-di-tert-butyi-S^ 
dimethoxy-2;2'-bipfo^ S^'-di-pbenyUS^'-di- 

15 tert-butyl^^'-biphenyl, ^'-di-tort-bu^ 3,3'- 

bis(trimethylsilyl^^^^ (-CH 2 CH 2: ), 
l,3-propytene(-CH2^ 

haphthylerie (-CioH 6 -), 3,5-dichloro-l ; 2-phetoylene, 3,5-<iibromo-i,2-phaiylene- 3-iodb- 
5-methyl-l,2-phenylene, 3;5-diisopropyl-l,2-phenylene, 3,5,6-tricU6ro-l,2-phehyIene, 
20 3-phenyM,2-phenylene, l,l-dietihyl-l,i-methylehe, 1,1-cyclohexylidene, 1,1- 

cycloheptyliderie, and 34sopropyl-6-methyl-l,2-phenylene. " 

.9. 1 The composition of Claim 1 wherein each R is independently selected from 
hydrogen and C1-20 monovalent primary alkyl radicals. 

1 0. The composition of Claim 1 wherein X is selected from thb group consisting 
25 of C tab alkyl diradicals, C6-20 aryl diradicals, and substituted derivatives thereof/ 

11. The composition of Claim 1 wherein X is selected from the group consisting 
of methylene (-CJHi-), ethylene (-CH 2 CH 2 -), 1,3-propylene (-CH 2 CH2Ck2-), 1,2-" 
phenylene (-QH4-), 1,2-naphthylend (-CioH 6 -), 2;3-naphthylene (-CioHs-X 3;5-dichloro- 
1,2-phenylehe, 3,5^dibromo-l 3 2-ph'enyiene,3-iodb 3,5- 

30 diisopropyl-1 ,2-phenyjerie, 3,5,6-trichlorb-l ;^-phenyiene, 3-pihehyl-l;2-phenyfene; 1,1- 
diethyl-i,l-methylene, 1,1-cyciohexyliderie, 1,1-cycloheptyliddie; and 34sopropyl-6H \ 
methyl-l,2-phenylene. ...... 

, . .-31-.... • ; . = . 
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12. The composition of Claim 1 wherein Ar 1 arid Ar 2 in formula IV are each 
independently selected from the group consisting of C6-20 1,2-aryIenes and substituted 
derivatives thereof. 

13. Thfc composition of Claim 1 wherein Ar- and At 1 in formula IV are each 
5 independently'selectedfrom the group consistirig of l,2*phenylene, methyl-1,2- 

pheriylene; ethyl- 1,2-phenylene, isopropyl- 1 ,2-phenylene ; 5-tert-butyl- 1 ,2-pKenylene, 
diinethyH^-phenylene, diethyl-l,2-phenylene, diisopfopyl-l^-phenylefte, 3,5-di-tert- 
butyUli2-phenylen6, 3-tdrt-btityl-5-methoxy-l,2-phraylerie, 3-triniethylsilyl-5-tert-butyl- 

I 9 2-phehylerie3»5-?K-t^-^ ' V 

1 0 ttmethylphenyl)-1^2-phenylene, 3-phenyl«5-tiert-butyl-l ;2*pbenylene; 1 ,2-riapihylen^ and 
substituted variations of 1,2-naphthylene. 

14J The composition of Claim 1 wherein Ar 3 and Ar 4 in formula V are each 
independently selected from the group consisting of C6-20 monovalent radicals and 
substituted derivatives thereof. 
15 15. * The composition of Claim 1 wherein Ar 3 arid Ar 4 ih formula V are eabh 

independently selected from the group consisting of phenyl, tolyl, xylyl, ethylphenyl, 
isopropylphenyl/2-tert^ 2,4-diethylptmyl, 2,*4- 

dusdpfopylpheriyl, 2,4^di-tCTt-butylphenyl, 2,4-dimeth6xyphdriyl, 2,4-di-tert- 
amyl^henyl,.2-tert-butyl^m 2-trimethylsi^^ arid 

20 naphthyl. " ; " 'V •('. : ; \" 

16. r The imposition 

bisarylebb. * ; • *. r "* 

17. : the cbinpbsitiori bf Claim 16 whereiriekch M is phosphorus; Q is 'a 2;2^ 
bisarylene; and W is Formula IV; 

25 i 8. The composition of Claim 1 7 wherein each M is phosphorus; Q is a ^2,2'- 

bisafylerie; W is selected from formula IV; and n is 0, the composition being represented 
by the following formula: 




wherein R 1 and R 2 are each independently selected from hydrogen and primary alkyl 
radicals, or wherein R 1 and R 2 are bonded together to form a diradical that together 
5 with the methylene carbon of formula I forms a cyclic or heterocyclic ring; R 3 , R 4 , R 5 , 

R 6 , A and Z are each independently selected from the group consisting of hydrogen, 
halogen, monovalent hydrocarbyl radicals, alkoxy radicals and tri(hydrocarbyl)silyl 
radicals; and B and Y are each independently selected from aryl radicals, tertiary alkyl 
radicals, and tri(hydrocarbyl)silyl radicals. 

10 19. The composition of Claim 18 wherein each R 3 , R 4 , R 5 , R 6 , A and Z is • 

independently selected from the group consisting of hydrogen, halogen (more preferably, 
chloro, bromo, iodo), alkyl, aryl, alkaryl, aralkyl, alicyclic, alkoxy, aryloxy, hydrocarbyl 
carbohyl [-C(0)R 7 ], hydrocarbyl cafrboxy [-0C(O)R 7 ] (wherein R 7 is a monovalent 
hydrocarbyl radical), arid tri(hydrocarbyl)silyl radicals; the aforementioned organic, 

15 hydrocarbyl, and tri(hydrocarbyl)silyl radicals each comprising from 1 to about 20 
carbon atoms. 

20. The composition of Claim 1 8 wherein each A is independently selected from 
hydrogen, chloro, broiho, iodo, methyl, ethyl, tertiary butyl, isbainyl, tertiary amyl, 
tertiary octyl, methoxy, acetyl [cti 3 C(0)-], ^ 

20 trimethylacetoxy [(CH3)3C-C(0)0-] radicals; and each Z is mdepmderitly selected from 
tertiairy butyl; tertiary amiyl, tertiaty octyl, tri(methyl)silyl, tii(ethyl)silyl, xylols; r - ^ 
diihethylpheriylsi, diethylphenyls, trimethylphenyls, and trimethylacetoxy radicals. 

21. The composition of Claim 18 wherein B arid Y are each independently 
selected from aryl radicals, tertiaky alkyl radicals, and tri(hydrocarbyl)silyl radicals 

25 having from 3 to about 30 carbon atoms; —*•">- 

22. The composition of Claim 1 8 wherein each B is independently selected from 
tertiary butyl j trimethylsilyl, phenyl, dimethylphenyl, and trimethylphenyl radicals: 

23. The composition of Claim 1 being selected from the following species: 

-33--' 
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24. A transition metal complex catalyst or complex catalyst precursor comprising 
a Group VIII transition metal bonded to at least one molecule of ligand of Claim 1, 
optionally, further bonded to carbon monoxide, hydrogen, or both carbon monoxide and 
hydrogen. 

25. The composition of Claim 24 wherein the Group VIII transition metal is 
selected from ruthenium, rhodium, cobalt, and iridium. 

26. The composition of Claim 24 wherein the ligand is selected from the 
compositions of Claim 18. 

27- A solution comprising an organic solvent, free ligand, and a transition metal 
complex catalyst or complex catalyst precursor composition comprising a Group VIE 
transition metal bonded to at least one molecule of ligand, wherein the bonded and 
optionally the free ligands have the formula of Claim 1 . 

28. The solution of Claim 27 wherein the Group VIE transition metal is selected 
from the group consisting of ruthenium, rhodium, cobalt, and iridium: 

29: The solution of Claim 27 wherein the bonded and optionally the free ligands 
aire independently selected from the group of Ugands : shown in Claim 18. 

30. A carbonylation process comprising contacting an organic compound capable 
of being carbonylated with carbon mondxide'in the presence of a transition metal 
complex catalyst comprising a Group VIII transition metal bonded to at least one 
molecule of ligand, optionally, in the presence of free ligand; wherein the bonded and 
optionally the free ligands have the formula shown in Claim 1, the contacting being 
conducted under carbonylation conditions sufficient to prepare the corresponding 
carbonylated organic compound. ,; ' 



3 1 . The process of Claim 30 wherein the carbonylation comprises a simple 
carbonylation, hydrofoimylation, hydroacylation, hydroeyanation, hydroamidation, 
hydroesterificatibn, and hydrocarboxylatioa 

32; The process of Clalim 30 wherein th6 Group VUI transition iotetal is selected 
from ^ruthenium, rhodium, cobalt, and iridium. 1 

33. The process of Claim 30 'wherein the bonded and optionally free ligands are 
each independently selected from the ligands listed in Claim 18. ' ' • :VJ 

34. The process of Claim 30 comprising a hydrbfbrmylation process wherein an 
oletihically unsaturated aliphatic hydrocarbon is contacted with carbon monoxide in the 
presence of hydrogen 1 . 

35. The hydroformylation process of Claim 34 wherein the olefinically 
unsaturated aliphatic hydrocarbon contains from 2 to about 60 carbon atoms and one or 
more unsaturated groups. 

36. The carbonylation process of Claim 34 wherein the olefinically unsaturated 
aliphatic hydrocarbon is selected from the grbup consisting 6f alpha bte&is, internal 
olefins, alkyl alkenoates, alkenyl alkarioates, alkenyl alkyl ethers, and alkenols. 

37. The carbonylation process of Claim 34 Wherein the olefinically unsaturated 
aliphatic hydrocarbon is selected froin the group consisting of ethylene, propylene, 1- 
butene, 1-peiifehe, i-hexerie, l-hq)tene, 1-dctehe, 1-decene, l-dbdecene, l-octad^cefie, 
2-btitehe- 2-methyi propene (isobutylenib), isoamylene, 2-pentene, 2-hexene, 3-hexene, 
2-heptene, cyclohexerie, propylene dimers, propylene triiners, propylene tetramers, 2- 
ethylHexenei styreine, 3-phetiyl- 1 -propene- butadiene, 1 ,3 -cyclohexadtehe^ 1 ,4- i% 
cyclbhexadiene, 1,7-bctadiene, 3-cyclohexyl-l-butene, allyl alcohol, hex-l-en-4-ol, oct- 
l-ene-4-ol, vinyl acetate, 'allyl acetate, 3-butenyl acetate, vinyl propionate, l-vinyi-3- 
cyclohexene, allyl propionate, allyl butyrate- methyl methacrylate, 3-butenyl acetate, 
vinyl ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate, methyl 1- 
decenbate, 3-butenenitrile, 5-hexenamide, methyl oleate, soybean oil and castor oil. 

38. ; The carbonylation process of Claim 30 wherein the process is conducted in 
the'presehce of a solvent delected from the group consisting 6f saturated hydrocarbons, 
aromatic hydrocarbons, ethers, aldehydes, ketones, nitrites, and aldehyde condensation 
products. * "- r ' •*••• : : » : v \ ~., *. 
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39. The. carbonylation process of Claim 30 wherein the process is conducted in 
the presence of free ligand having the formula in Claim 1 . 

40. . The carbonylation process of Claim 30 wherein the molar ratio of ligand to 
Group Vin transition metal is greater than about 1.1/1 and less than about 100/1. . 

5 41. The carbonylation process of Claim 30 wherein the carbonylation process 

temperature is greater than about 30°C and less than about 2Q0°C, 

42. The carbonylation process of Claim 30 wherein the carbonylation process : 
total pressure is greater thaii about 1 psia (7 kPa) and less than about 10,000 psia 
(68,948kPa). . . / - -V ;»-":. 

10 43., The carbonylation process of Claim 30 wherein the carbon monoxide partial 

pressure is greater than about 1 psia (7 kPa) and less than about 500 psia (3446 kPa); 
and wherein in a hydroformylation proceiss, the hydrogen partial pressure is greater than 
about 5 psia (35 psia) and less than about 500 psia (3446 kPa). 

44. The carbonylation process of Claim 43 wherein the H 2 /CO molar ratio of 
15^ giasebus hydrogen to carbon monoxide is greater than about 1/10 and less than about 

100/1. ' ; " 

45. The carbonylation process of Claim 30, wherein the plrocfess is a 
hydroformylation process, atnd wherein the process temperature is greater than abbut 
30°C and less than aljout 120 o C; 

20 46. Tribe carbohylation prbcess of Claim 30 wherein the bbnceiitration of 

transition metal is greater than about 10 ppm and less thah about 1,000 ppm. 
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ABSTRACT OF THE DISCLOSURE 
A novel bis-chelating composition characterized by the following formula I: 

W-Q 0-M / ^ _,F|2 

wherein M is a Group VB eiemeht; R l and R 2 are each independently selected from 
5 hydrogen and monovalent hydrocaibyl radicals; or R 1 and R 2 are bonded together to form a 
diradical; or one of R 1 or R 2 is hydrogen or a monovalent hydrocarbyl radical, while the 
other of R 1 or R 2 is a hydrocarbyl radical bonded to an atom in Ar; and wherein Ar is 
selected from 1,2-arylenes; Q is selected from 1,2-arylenes, 2,2-bisarylenes and alkyl 
diradicals; and W is selected from n, III, IV, or V: 

R ^C, M ........ J. M [RRC]( M M 

W Ori) (iv) (V) 

wherein M is as defined hereinbefore; each R is independently selected from hydrogen and 
monovalent hydrocarbyl radicals; X is selected from alkyl and aryl diradicals; Ar l and Ar 2 
are each independently selected from 1,2-arylenes; Ar 3 and Ar 4 are each independently 
1 5 selected from monovalent aryl radicals; and n in formula! IV is 0 of 1 . The novel 

composition finds utility as a ligand in Group VIII transition metal ligaiid complex catalysts 
or complex catalyst precursors, which are useful in carbonylation processes. 
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